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1. Introduction 
The impact of ambient air pollution on human health and the role of particulate matter in 
this relationship have been discussed for many years, and have been documented by 
numerous published studies (Pope & Dockery, 2006; Schwartz, 2004; CAFE, 2005; 
Brunekreef & Holgate, 2002; Katsouyanni et al., 2001; WHO, 2004). However, we still don’t 
have enough evidence to clear explain the possible mechanisms that induce air pollutants 
related events (mortality or other health effects). The main reasons of these disturbances are: 
difficulties in understanding the mechanism of damaging impact on human body, but also 
variety of particulate pollutant sources, their various chemical composition and physical 
properties and their variability in time (Pope & Dockery, 2006; Schwartz, 2006; Wichmann et 
al., 2000). Moreover, the majority of evidence comes from studies conducted in North 
American or West European countries, only few concern the region of middle-east European 
(Katsouyanni et al., 2001; Jędrychowski, 1999; Krzyżanowski & Wojtyniak, 1991). 
In proven health problems assessed with particulate air pollution are short-term effects such 
us  increase of daily mortality. The presented work has been applied exactly to short-term 
health effects. The potential health risk in population living in urban-industry 
agglomeration exposed to PM2.5 in Poland has not been studied yet. The work is 
complement of the lack in public health in range of risk communication to improvement of 
health status of population.  
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2. Results of Polish study – Purpose and accepted methods 
The aim of presented study was assessment of an impact of short-term ultrafine particle 
concentration changes in ambient air to daily number of deaths  due to cardio-respiratory 
diseases in population living in Katowice Agglomeration. In specific goals of the study was: 
assessment of daily risk of death due to cardio- and respiratory diseases related to an 
increase of PM10 and PM2.5 concentration. Furthermore the most precise scenario of acute 
exposure to particulate air pollution in relationship with specific (cardio- respiratory) 
mortality in Katowice Agglomeration, expressed as concentration in day of death and as 
moving averages concentrations, was determined. Finally the quality of ambient air was 
rated according to Air Quality Index useful in environmental risk communication process. 
The established goals allowed to verify thesis very often described in many publications: 
deterioration of ambient air quality leads to increase  health risk in exposed population. 
Simultaneously, the obtained results allowed to complement data in Poland in range of 
relative risk of daily death and related to PM2.5 exposure. 
To realize established goals of the work a time-series analyses was used, covering six 
calendar years in the period 2000-2005. Data concerning daily number of deaths and daily 
averages of ambient air quality applied Katowice Agglomeration in Silesian voivodeship 
and separately large city located in described region (Zabrze). 
Mortality data was obtained from the registry at the Central Statistical Office in Warsaw. 
The records were analyzed according to the classification scheme of the International 
Classification of Diseases – 10th edition (ICD-10). The category of deaths due to 
cardiovascular diseases included deaths with codes I00-I99, and to respiratory diseases 
included deaths with codes J00-J99, database contained the records in two age categories: 
less than 65 years and 65 or more years. 
Data on ambient air pollution was provided by the State Environmental Agency in 
Katowice. For each day the 24-hour spatial average concentrations of PM10, SO2 and NO2 
were calculated as the average of all site-specific measurements, monitored in the Katowice 
Agglomeration. Additionally daily average concentrations of PM2.5 measured in Zabrze 
were obtained. Moreover, for each study day the Institute of Meteorology provided 
additional data, such as daily mean temperature, daily mean relative humidity and daily 
mean atmospheric pressure. The data set included also a variable describing a climatic 
season and influenza epidemic. 
Variability of the daily number of deaths and daily concentrations of pollutants was 
presented in two ways. First was used methods of descriptive statistics, where presentation 
of the pollutant concentration was based on tertile value of concentration. A low level 
concentration was established at a value below 33% percentile; a medium concentration 
between the range of 33% and 66% percentile, and high concentration above 66% percentile. 
Next, was assessed the relationship between daily mortality and daily concentrations of air 
pollutants using GLM procedure. Variables describing ambient air pollutant were expressed 
as average 24-hours concentration on the death day, day preceding death, and 3-day or 
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longer  moving average concentration of each pollutant (PM10, PM2.5, SO2, NO2) (Kowalska et 
al., 2010). The formula (1) used in multivariate Poisson regression model was: 
 0 1* 2* 3*
4* 5*
Deaths b  b season  b air temperature  b air humidity +
 b atmospheric pressure  b pollutant
   
   (1) 
Model tested the effect of the increase of air pollution concentration (single pollutant) by 10 
μg/m3 on a daily number of deaths in different specific scenarios: impact of concentrations 
of pollutants recorded on the day of death, on the day preceding a death and pollutions 
expressed as the moving average in the period preceding deaths and longer (3, 5, 7, 14, 30, 
40, 50 and 60 days). 
The relative risk (RR) estimates of the total and circulatory deaths in relation to a 10 μg/m3 
increase in each pollutant was calculated using the formula (2):  
 b deltaRR  e  (2) 
where b is the regression coefficient of the pollutant in question and delta is its increase by 10 
μg/m3. Additionally, a percentage change in mortality was calculated as the (RR-1) times 100%. 
To assess the quality of ambient air pollution in Katowice Agglomeration according to Air 
Quality Index (AQI) different methods of indexation (American, French, British and 
German) were used. Daily PM10 and sulphur dioxide (SO2) concentrations were transformed 
to qualitative variable expressed by: good, medium and unhealthy air quality. Finally, mean 
value of daily number of deaths characteristic for days with particular categories quality of 
air was calculated. All analyses were performed using procedures available in the Statistica 
7.0 or SAS statistical packages.  
2.1. Quality of ambient air pollution in study agglomeration (Katowice 
Agglomeration) 
Available published data suggests that in Poland, after the political and economical change in 
1990 the quality of environment became one of the national target priorities, and the effort 
towards environmental clean-up has resulted in a substantial improvement of ambient air 
quality (National Health Program, 1996). The largest effect was seen in the urban area of 
Katowice, known for high levels of industry-related air pollution. A time-series analysis 
performed in years 1994-5 revealed the most significant effect of exposure to sulphur dioxide 
(SO2), followed by particulate matter (PM10) (Zejda, 2000). Since then the quality of ambient air 
has significantly improved. Between 1994 and 2005 ambient air daily average concentrations of 
pollutants have decreased by 38% in the case of SO2 and by 28% in the case of PM10. The 
apparent decline in ambient air pollution created an opportunity to find out if the pattern of 
acute mortality has responded to the decreased exposure, under ‘natural experiment’ scenario.  
Database was constructed so that it was possible to analyze the number of deaths from the 
regard of the season of year: winter – months from 01 January to 31 March, the spring – 
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months from 01 April to 30 June, summer – months from 01 July to 30 September, and the 
autumn – months from 01 October to 31 December. The highest concentrations of ambient 
air pollutants were in cold season (winter and autumn), while the lowest related hot season 
(summer). Figure 1 shows daily concentrations of pollution in particular seasons in 
Katowice Agglomeration.  
Moreover, the implementation of PM2.5 concentration measurements in large city of region 
(Zabrze) makes it possible to estimate the risk of deaths related to fine particulate exposure, 
not unexplored in Poland yet. Table 1 presents data on concentrations of pollutants in this 
city. It was documented that in the study period the total number of days with exceedance 
of limit value (Polish Ministry of Environment, 2002) for PM2.5 concentration (25 μg/m3), 
PM10 (50 μg/m3) and SO2 (125 μg/m3) in Zabrze city were 295, 448 and 15 days respectively. 
These exceedances were always associated with the cold season (autumn-winter). 
The major source of particulate matter, SO2 and NO2 in the environment remained 
combustion of vehicle fuels (petrol, oil), burning of wood in fireplaces, as well as stoves and 
gasoline burning (Knol et al., 2009). Current data confirmed that fine particulates were the 
predominant fraction of suspended particles in air measured in the Katowice 
Agglomeration (Klejnowski et al., 2007). Simultaneously, other authors indicated that 
elemental and organic carbon are significant proportion (60 to 80%) of fine particles, which 
indirectly points to the advantage of municipal pollution sources  (Pastuszka et al., 2003; 
Rogula et al., 2007). Finally, it should be noted, that extensive use of coal for heating, 
industrial purposes and mass production of energy in the Baltic countries of Eastern Europe 
makes another profile of air pollution in this region with dominant role of PM and sulphur 
dioxide  (Jędrychowski, 1999; Medina et al., 2002).  
 
Figure 1. Daily concentrations  of PM10, SO2 and NOx in ambient air, Katowice Agglomeration in the 
study period (01.01.2000-31.12.2005). 
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Pollution 
Descriptive statistics of air pollutants concentrations [μg/m3] 
Mean Min Max Perc 33% Perc 66% SD 
SO2  (daily limit value 
125 μg/m3) 35.7 2.6 266.2 21.6 36.8 25.2 
PM2.5  (annual limit 
value 25 μg/m3) 40.5 4.9 323.7 21.8 40.0 34.5 
PM10 (daily limit value 
50 μg/m3) 40.8 5.6 407.5 26.0 42.4 28.1 
NO2 (annual limit value 
40 μg/m3) 26.9 6.0 87.0 21.3 29.2 11.2 
Table 1. Descriptive data of pollutants concentrations in ambient air, Zabrze in the study period 2000-
2005 
2.2. Daily specific mortality  
Among documented short-term health problems associated with fine particulate air 
pollution are mentioned increase the daily number of deaths, especially deaths due to 
cardio-respiratory diseases (WHO, 2004). Systematic epidemiological studies indicated the 
occurrence of this relationship  even when PM concentrations are at the levels safe for 
human health (Krzyżanowski & Wojtyniak, 1991;  Anderson et al., 2001; EPA 2004). Some 
studies suggest the importance of two pollutants ie particulate matter and sulphur dioxide 
for a daily increase in mortality (Dockery et al., 1992; Ostro, 1993). Since the composition of 
air pollution in Polish agglomerations differs from profile in other countries (dominant role 
of SO2) and measured levels are usually higher, it is necessary to estimate the relative risk of 
daily mortality related to ambient air pollutants in selected industrial region (Katowice 
Agglomeration). 
During the study period (from 2000 to 2005 years), 146 592 people died due to cardio-
respiratory diseases in Katowice Agglomeration, on average 67 people per day. Analysis 
showed that out of this cases, 115 635 (78.9%) was deaths in older population (people aged 
65+ years). It was noted that only 8.3% of cardio-respiratory deaths (n=12 179) was related 
with respiratory diseases. Further analysis of available register data of infectious diseases 
incidence in Poland confirmed the occurrence of two influenza episodes, in the years 2003 
and 2005. In both cases, the influenza episode occurred between 16th February to 22nd March 
(National Institute of Public Health, 2010) with no observable increase in the rate of 
mortality due to influenza. Seasonal diversity of average value of specific mortality shows 
figure 2. The highest level of deaths due to cardio-respiratory diseases was related to cold 
season (winter) and the lowest was characteristic for summer. 
Figure 3 shows changes in daily number of deaths due to cardio-respiratory diseases in  
inhabitants of Zabrze according to the fine particulate concentrations. The obtained results 
suggest that the highest mortality were associated with the highest level of PM2.5 
concentration, the results of ANOVA test confirmed statistically significant relationship. 
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Figure 2. Daily average number of deaths due to cardio-respiratory diseases in Katowice 
Agglomeration according to season of year, study period 2000-2005. 
 
Figure 3. Daily average number of cardio-respiratory mortality in Zabrze city according to quality of 
daily concentration of PM2.5 , study period 2000-2005. 
The results of multivariate analysis confirmed increase of cardio-respiratory death in both, 
total and older population of inhabitants living in Katowice Agglomeration in relation to 
increases in the daily average pollutant concentration by 10 μg/m3. The values of relative 
risk depend on the time of exposure with a comparably higher risk for a longer time of 
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exposure. Simply, as the time of exposure gets longer, the risk gets higher. Figure 4 shows 
changes in relative risk of cardio-respiratory mortality in older population of Katowice 
Agglomeration related to changes of moving average concentrations of pollutants (PM10, 
SO2 and NO2).  
 
Figure 4. Relative risk of deaths due to cardio-respiratory diseases in older (65+) inhabitants of 
Katowice Agglomeration , study period 2000-2005. 
 
Pollution Moving average   
concentration 
Relative risk of 
death 
Author 
PM10 24-hours 0.2 – 0.8% Pope & Dockery, 2006 
PM10 24-hours 0.3% Kowalska et al., 2010 
PM10 5-40 days 1.3 -1.8% Pope & Dockery, 2006 
PM10 5-40 days 0.7-1.3% Kowalska et al., 2010 
PM2.5 24-hours 0.6-1.2% Pope & Dockery, 2006 
 
PM2.5 
3-day moving average, older 
population in Zabrze 
 
0.5-2.0% 
 
Kowalska, 2011 
Table 2. The increase in relative risk of total mortality in relation to the increase in moving average 
concentration by 10 μg/m3, comparative data. 
A similar effect has been documented for cardio-respiratory mortality in the population of 
Zabrze, however a small number of inhabitants significantly reduces the precision of the 
risk estimation. The obtained results suggest that the most precise scenario useful for 
assessment of short term health effects (e.g. specific daily mortality) related to particulate 
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ambient air pollution in Katowice Agglomeration is presentation of longer exposure 
expressed by moving average concentration, from 3-day to 14-days. Similar observation is 
applicable to gaseous air pollutants: sulphur and nitrogen dioxide, relative risk of death was 
larger for longer time of exposure. The results of own research suggest that the relative risk 
of daily mortality related to short term of particulate matter (PM10 and PM2.5) concentration 
in ambient air is similar to those given by others authors (Table 2). 
2.3. Air Quality Index and its significance in environmental health risk 
communication, Polish study   
Air Quality Index (AQI) is a standardized summary measure of ambient air quality used to 
express the level of health risk related to particulate and gaseous air pollution. The 
construction of AQI allows distinction between “good” and “dangerous” air quality. The 
index, first introduced by US EPA in 1998 classified ambient air quality according to 
concentrations of such principal air pollutants as PM10, PM2.5, ozone, SO2, NO2 and CO (EPA, 
2003). Subsequently similar, index-based approach to express health risk, was developed in 
France, Great Britain and in Germany. Table 3 shows the cut-of PM10 values for the specific 
air quality zones used in European and US standards. No such environmental warning 
system exists in Poland, although some test-trials took place in Katowice area and in the city 
of Gdańsk. However, the operational value of AQI under environmental circumstances in 
Poland remains unknown. The aim of study was to examine current air pollution levels in 
Katowice Agglomeration and to confront AQI categories with local air quality, also in terms 
of health impact on the population as expressed by daily cardio-respiratory mortality.  
 
Category 
of air quality 
Cut-of values for daily PM10 concentration [μg/m3] 
USA France Great Britain Germany 
Good 0-54 0-39 0-49 0-34 
Moderate 55-154 40-79 50-74 35-99 
Dangerous 155 and more 80 and more 75 and more 100 and more 
Table 3. Categorization of ambient air quality according to diferent methods of AQI indexation based 
on PM10 daily concentration. 
The obtained results suggest significant discrepancy in range of air quality categories 
depending on applied system of classification. Percent of days with ‘unhealthy’ air quality 
(in the period 2001-2002) was running from 0.1% (American method of indexation) to 11.2% 
(British method) and usually applied winter season. The frequency of days with dangerous 
air quality for health (PM10 concentrations) calculated by French and German AQI were 
similar and amounted near 6% (Kowalska et al., 2009). Statistically significant Spearman 
correlation coefficients was obtained for relationship between air quality and total number 
of deaths, as well as number of deaths due to cardio-respiratory diseases in total and older 
population (aged 65+). However, the observed values of correlation coefficients are very low 
and don’t exceed value 0.2 for each chosen method of indexation (Table 4).  
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Daily 
mortality 
Population 
aged 
British  
AQI  
French  
AQI  
American  
AQI  
German  
AQI 
Cardio-
respiratory 
diseases 
0-64  0.00 (NS) 0.01 (NS) 0.04 (NS) 0.00 (NS) 
65 +  0.15 (p<0.05) 0.15 (p<0.05) 0.16 (p<0.05) 0.14 (p<0.05) 
Total  0.13 (p<0.05) 0.13 (p<0.05) 0.16 (p<0.05)  0.12 (p<0.05) 
Total  
number  
of deaths 
0-64 0.03 (NS) 0.03 (NS) 0.04 (NS) 0.04 (NS) 
65 + 0.17 (p<0.05) 0.17 (p<0.05) 0.13 (p<0.05) 0.16 (p<0.05) 
Total  0.15 (p<0.05) 0.15 (p<0.05) 0.11 (p<0.05) 0.14 (p<0.05) 
Table 4. Spearman correlation coefficients for relationship between daily number of deaths and air 
quality index by different method of indexation, p value in the bracket; NS- not statistically significant. 
Moreover it was calculated mean value of daily cardio-respiratory mortality characteristic 
for days with particular AQI defined as: good, moderate and dangerous category of air 
quality, determine by particular methods of indexation. It was observed that the highest 
mortality concerned days with dangerous quality of air. Figure 5 shows  results of this 
analysis. The association between mortality and quality of air was similar for German, 
British and French method of indexation, but finally the obtained results confirm that the 
highest mortality concerned days with dangerous quality of air and the lowest concerned 
days with good quality of air. The observed variability was statistically significant in each 
AQI categories.  
 
Figure 5. Number of daily deaths due to cardio-respiratory diseases in Katowice Agglomeration during 
days with different air quality, study period 2000-2005. 
According to poor ambient air quality in Katowice Agglomeration, especially during the 
winter time, it is essential to inform inhabitants about environmental health hazard. 
 Air Quality – New Perspective 194 
Confrontation data of local air quality with AQI categories and with daily total and specific 
(cardio-respiratory) mortality confirm, that British and French method of AQI indexation 
are the best way to risk communication in Poland. Probably, similar climate conditions and 
specific of air pollution are comparable in all described countries, so the association between 
air quality index and health effect is similar too. It is necessary to disclose the knowledge 
about air quality index and their association with health effect. Very important source of this 
information are medical doctors, especially general practitioner. Moreover well known 
websites or regional televisions are very useful sources to transmit important information 
about environmental health risk. Current position of public health experts suggest the need 
for a debate on the communication of real health risk associated with ambient air pollution 
(Schwartz, 2006).  
3. Summary and conclusions  
The impact of ambient air pollution, including fine particulate matter, to the health of the 
population in Poland was not often an undertaken research study. However, slow increases in 
the number of measurement data for fine particulate matter concentrations and its chemical 
composition allow for the estimation of environmental health risks. The lack of direct access to 
data describing the health status of population expressed by cardio-respiratory mortality, 
especially those which deals with lack of relevant rules of public health (e.g. the right of the 
Act), makes it difficult to obtain reliable information relating the impact of air quality to the 
real health risk of population living in a particular region of Poland.  
This paper explains in details the health risks (expressed by daily mortality due to cardio-
respiratory diseases) in response to increased concentrations of particulate pollutants, 
including PM2.5 in Katowice Agglomeration, the most polluted region in Poland. The results 
obtained in own study confirm a slight decrease in the relative risk of death from cardio-
respiratory causes in response to air quality improvement in PM10 concentrations during the 
last decade. The simultaneous observed improvement in air quality in the range of SO2 
concentrations in the study area did not change the relationship between air pollution and 
daily mortality. The higher profile of air pollution and health risk may be attributed to 
higher gas and other alternative sources of heat and electricity costs. Not without 
significance is the relatively low degree of environmental risk hazards in Polish population 
and the resulting consequences in the form of a number of behaviors such as grass and 
garbage burning, a high percentage of smokers in the country and lack of solutions for a 
rapidly growing flow of traffic. Even though the source of air pollution may be different in 
Poland as opposed to other countries, the risk of daily mortality in association with the 
exposure to fine dust is similar to those observed in other countries. Our findings, 
explaining the effect of seasonal influence on the size of the daily deaths due to cardio-
respiratory diseases are consistent with those documented in literature. As a rule, greater 
number of adverse health effects in populations (mostly marked for deaths after the age of 
65) varies with the different seasons; winter associated with the highest adverse effect more 
than the summer. It can be concluded that the relationship between concentrations of air 
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pollution and daily deaths probably reflect exacerbation of existing disease in people 
suffering from respiratory or circulatory system diseases (e.g. coronary artery disease and 
chronic obstructive pulmonary disease, but also arrhythmia, atherosclerosis or diabetes) and 
instead of new diseases.  
Another issue was to determine the best possible presentation of short-term exposure of air 
pollution in the population. The obtained results suggest that the most precise scenario 
useful for assessment of short term health effects (e.g. specific daily mortality) related to 
particulate ambient air pollution in Katowice Agglomeration is the presentation of longer 
exposure expressed by moving average concentration, from 3-day to 14-days. A similar 
observation is applicable to gaseous air pollutants such as sulphur and nitrogen dioxide 
showing the relative risk of death being larger when the duration of exposure is longer. 
Furthermore, the results of our research suggests that the relative risk of daily mortality 
related to short term of particulate matter (PM10 and PM2.5) concentration in ambient air is 
similar to those given by others authors.  
Finally, due to poor ambient air quality in Katowice Agglomeration, especially during the 
cold season, it is essential to inform inhabitants about real environmental health risk. An 
important role in risk communication can play the Air Quality Index. Comparison of air 
quality data with data on daily cardio-respiratory mortality confirms that the British and 
French method of AQI indexation are the best way to communicate risk in Poland. Due to 
similar climate and cause of air pollution in these described countries, it may be possible to 
make a similar association between air quality index and health effect. It is necessary to 
integrate ideas and opinions from researchers in environmental epidemiology and public 
health as well as journalist and politicians in the evaluation of air quality in order to develop 
an effective and proper health policy. 
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